Many methods for lossy and lossless compression of multispectral imaging data has been developed. 3-dimensional compression of multispectral images has been studied by many researchers. Although, the 3-D compression method provides relatively good performances, a major problem is that the method requires a large amount of memory and processing time. A salient property of hyperspectral images is that strong spectral correlation exists throughout almost all bands. This could be because, in these bands, the signal associated with these frequencies is greatly attenuated by the atmosphere or the materials being imaged. In this paper, we take into account these property of multispectal data and propose a new compression algorithm based on a 2-dimensional wavelet transform. In the proposed method, we divide the spectral bands of multispectral images into a number of groups in which each group contains two adjacent bands. The first band of each group is SPIHT coded. Its decoded version is subtracted from the second band, and then SPIHT is applied to the residual image. The data used in this paper was acquired by AVIRIS. There were 224 contiguous spectral bands using wavelengths between 400 and 2500nm. The data set contains 512 scan lines with 614 pixels in each scan line. We selected a sub-region with the size of 512×512 pixels. As can be seen in the results, the proposed algorithm provides better performance than the SPIHT algorithm.
INTRODUCTION
Airborne and space-borne remote sensing have been the main application areas of multispectral images, but nowadays, multispectral images are available for different purposes due to developments in spectral imaging systems. The application areas are expanding into industry, e.g. into quality control and image libraries of paintings of art museums 1, 2, 3 . Multispectral sensors produce three-dimensional arrays of data with the two-dimensional spatial domain and the onedimensional spectral domain. AVIRIS system, for example, may yield 16 GB data each day. Thus, compression methods for multispectral images must be developed. There exist both lossy 4, 5, 6 and lossless 7,8,,9 schemes. The compression ratios in lossless compression are from 2 to 5, but in lossy compression they can be ten-fold. Some information is lost in lossy compression, and lossy methods should be designed such that the loss of the applicationdependent significant information is at a minimum, but the compression ratio is as high as possible.
3-dimensional compression of multispectral images has been studied by many researchers. Although, the 3-D compression method provides relatively good performances, a major problem is that the method requires a large amount of memory and processing time 10, 11, 12 . In this regard, 2D compression methods emerge as an attractive alternative, though their performances generally are inferior to those of 3D compression methods. The memory requirement of 2D compression methods is much lower than that of 3D methods. A salient property of hyperspectral images is that strong spectral correlation exists throughout almost all bands. This could be because, in these bands, the signal associated with these frequencies is greatly attenuated by the atmosphere or the materials being imaged. correlation coefficient between all bands defined as follows: malong@sia.cn; phone 86 24 23970583. In this paper, we take into account these property of multispectal data and propose a new compression algorithm based on a 2-dimensional wavelet transform.
THE SPIHT ALGORITHM
SPIHT is wavelet based image compression coder. It first converts the image into its wavelet transform and then transmits information about the wavelet coefficient. The decoder uses the received signal to reconstruction the image.
In the basic SPIHT algorithm, Following a wavelet transformation, SPIHT divides the wavelet into spatial orientation trees. Each node in the tree corresponds to an individual pixel. The offspring of a pixel are the four pixels in the same spatial location of the same subband at the next finer scale of the wavelet. Pixels at the finest scale of the wavelet are the leaves of the tree and have no children. Every pixel is part of a 2 2 block with its adjacent pixels. Blocks are a natural result of the hierarchical trees because every pixel in a block shares the same parent. Also, the upper left pixel of each 2 2 block at the root of the tree has no children since there only 3 subbands at each scale and not four. Fig. 3 shows how the pyramid is defined. Arrows point to the offspring of an individual pixel, and the grayed blocks show all of the descendents for a specific pixel at every scale. These parent-offspring relationships construct spatial orientation trees as shown in Fig. 2 . The SPIHT algorithm provides good performance using the spatial self-similarity of the wave transform and tree structure. 
THE PROPOSED ALGORITHM
In the proposed method, we divide the spectral bands of multispectral images into a number of groups in which each group contains two adjacent bands. The two adjacent bands has the high correlation. The first band of each group is SPIHT coded. Its decoded version is subtracted from the second band, and then SPIHT is applied to the residual image. Fig. 3 shows an illustration of the proposed algorithm. To compression the second band, the first band is needed. The decompressed version of the first encoded band is subtracted from the second band. The highlight of this paper is not on the wavelet form, thus the popular 9/7 wavelet is chosen for the proposed algorithm.
As described in Fig. 3 , the method used a decompressed previous B i is subtracted from B i+1 to obtain the difference which is then coded with SPIHT. Since the proposed algorithm is based on the 2-D wavelet transform, the memory requirement is considerably smaller compared to the methods based on 3-dimensional compression methods.
SIMULATION RESULTS
The data set for the experiment are the 1997 Airborne Visible InfraRed Imaging Spectrometer (AVIRIS)-calibrated radiance image. Each image comprises several scenes, and for each scene, there are 224 bands. Each band consists of 512×614 pixels, and each pixel is a 16-bit signed integer 13 . We selected a sub-region with the size 512×512 pixels, which can been seen in Fig. 4 and Fig. 5 . Table I and Table II shows PSNR of reconstruction images using the proposed algorithm and the SPIHT algorithm at various bit rates. As can be seen in Table I , the performance improvement is about 0.35at 0.2bpp, 0.50at 0.5bpp, 0.59at 0.8bpp, and 0.66at 1.0bpp. as can be seen in Table II the performance improvement is about 0.26at 0.2bpp, 0.40at 0.5bpp, 0.47at 0.8bpp, and 0.57t 1.0bpp. it is noted that the performance improvement increase as the bit rate increases.
CONCLUSION
In this paper, we proposed new algorithm for compression of multispectral images. First, the entire spectral bands are divided into a number of group in which each group contains two adjacent bands. Then, the first band of each group is SPIHT coded. Its decoded image is subtracted from the second band, and then SPIHT is applied to the residual image.
Experiments show that the proposed algorithm provide improved PSNR than SPIHT. Another advantage of the proposed algorithm is that ti is based on 2D wavelet transform. As a result, the memory requirement is significantly resuced.
